Introduction
+ can be categorized as an excited charmed baryon [4] [5] [6] . It has large branching ratios into both D 0 p and Λ + c π + π − decay modes which can be realized via a subsequent process as shown in Fig. 1 . The new Λ c (2940) + might also be an excited state, but the sum of the masses of D * 0 and p, (m D * 0 + m p = 2945 MeV), is so close to the required 2940 MeV makes it very tempting to view it as a D * 0 p molecular state. The slight excess energy above the central value of Λ c (2940) + mass can be attributed to the binding energy of the two constituents. If indeed Λ c (2940) is a molecular state, the decay pattern a e-mail: liuxiang726@mail.nankai.edu.cn may be different. In the following we study if a D * 0 p molecular state is consistent with data.
D 0 p molecular states
There is an abundant spectrum in charm-tau energy range, some of the charmed states are very close to each other in masses; their peaks even overlap. Some of them may be molecular states. The picture of molecular states was first proposed to interpret the behaviors of scalar mesons f 0 (980) and a 0 (980), which could be KK molecules [7] [8] [9] [10] [11] [12] . This idea has now been widely adopted for explaining some experimental data. Rujula, Geogi and Glashow suggested that ψ(4040) is a D * D * molecular state [13] , Rosner and Tuan also studied the so-called Cexotic states [7] [8] [9] . In a recent work, it was suggested that Y (4260) is a χ c − ρ 0 [14] or χ c − ω [15] molecule. For the dynamics, Okun and Volosin studied the interaction between charmed mesons and molecular states involving charmed quarks [16] . Following the previous studies it is not unrealistic to consider Λ c (2940)
+ as a molecular state. An immediate question one needs to answer, if interpreting Λ c (2940)
+ as a D * 0 p molecular state, is that whether the correct binding energy of about 5 MeV can be realized. We find that one particle exchange model can indeed achieve this. In this model one deduces the effective potential of D * 0 p system by using the linear σ model [17] . Following the standard procedures [18] , we calculated the transition matrix element of the elastic scattering D * 0 + p → D * 0 + p in the momentum space by regular quantum field theory method. Then setting q 0 = 0 where q 0 is the 0-th component of the momentum of the exchanged hadrons which pos- 
sess appropriate quantum numbers, we carry out a Fourier transformation from the momentum space to the configuration space to obtain the potential. This is the effective potential between the constituents D * 0 and p. Substituting this effective potential into the Schrödinger equation, one can obtain the wave function and eigenenergy, which is identified to be the binding energy of the molecular state.
We have carried out a calculation similar to that in [17] by taking exchanges of π, ω and ρ mesons as the leading interaction of D * 0 and p, which eventually binds D * 0 and p into a molecular state, to obtain the binding energy.
In the derivation of the effective interaction in the momentum space, to compensate the off-shell effects for the exchanging mesons, one usually phenomenologically introduces a form factor at each effective vertex. A commonly used form factor is taken as [19, 20] 
, which we also use in this work. Here Λ is a phenomenological parameter whose value is near 1 GeV [21] , and q is the four-momentum of the exchanged meson.
Since the spin of Λ c (2940) + is not determined by experiment yet, we consider two possible cases for the spin of Λ c (2940) + in the S-wave state. In this case one obtains two J P states: (a) 1/2 − , and (b) 3/2 − . We display the allowed ranges for the masses of the molecular states and their binding energies in Table 1 . We see that the binding energies are in the right ranges. From the spectrum we cannot distinguish whether the spin is 1/2 or 3/2. Adjusting parameters in the form factors, we find that P -wave states with the right binding energy are also possible. In that case one would have 1/2 + and 3/2 + states. To get more information, one needs to invoke the decay rates measured recently by the Babar and Belle collaborations.
To have more information about the D * 0 p molecular state, we now consider the decay of this state to D 0 p and + is a 1/2 + or 3/2 + state, it must be a P -wave molecule of D * and p, and its dissociation into D * p (or derivative of the wave function Ψ (0)) is further suppressed by small three momentum. Thus the transition rate would be very small. In this picture, Λ c (2940)
+ is disfavored to be P -wave or higher wave bound states. We then left with S-wave 1/2 − and 3/2 − to study. We now proceed to calculate Λ c (2940 
and
where Λ c + µ is the Rarita-Schwinger vector-spinor for a spin-3/2 particle. For Λ is not important for our purpose. For the couplings of the other vertices in Fig. 2 (3, 4) , we write the relevant Lagrangian as
where P , V are pseudoscalar and vector mesons D, D * . The known couplings are given by g NNπ = 13.5, [17, 22] . The values of the couplings
, g NDΣc(2455) , g ND * Σc(2455) , g NDΣc(2520) and g ND * Σc(2520) are not known. We keep them here and discuss their effects later.
From the above effective Lagrangian, we can construct decay amplitudes for Λ Fig. 2 (3, 4) . These amplitudes are given in the Appendix.
Once the decay amplitudes are obtained, the partial decay width can be derived. We give three typical examples in the following
Numerically the branching ratio B(σ → π + π − ) is about 0.6∼ 0.7 and the branching radio B(Σ c → Λ is not known, we will not be able to obtain the absolute value. However, we can obtain the relative strength of each diagram which can still give information about the decay pattern of Λ + c (2940).
Results and discussions
We now discuss contributions from each diagram to Λ 
Since the Λ is not known), it is not possible to calculate the absolute value for each of the partial decay width. However, we are able to obtain the relative widths which can also provide us with useful information. For convenience of discussion, in the above we have normalized |M(Λ c (2940)
The matrix element squared listed below are all evaluated according to the same normalization.
The contribution to the amplitude from ω exchange is close to that from ρ exchange, that is, M(Λ c (2940 .
Since the couplings are not determined, the numbers cannot be determined. If the couplings are similar in order of magnitude, the N exchange is most likely to dominate. We will come back to discuss this later. .
Here D exchange is most likely to dominate.
Collecting the above results, we obtain the leading contributions to the radio of B(Λ c (2940)
There are no data available to determine unknown effective coupling parameters appearing in the Lagrangian (2).
A rough idea about the relative strength of these couplings can be obtained from the use of SU (3) for the light quarks, and the heavy quark symmetry for the heavy c-quark, since D, D * , Λ c and Σ c all contain a relatively heavy c-quark. In the heavy quark limit the spin of heavy quark is decoupled [25] [26] [27] , so that the dimensionless coupling constants for spin 1/2 and 3/2 heavy baryons and spin 0 and 1 heavy mesons are approximately equal. If applicable, one would approximately have, g
This approximation is, of course, very rough, but as an estimation of the order of magnitude, they should work. Using this approximation, we find that the contribution to Λ c (2940
We then obtain the radio of Λ c (2940
One expects that the coupling g involves two baryons and a meson is similar to the couplings to NNπ and NNρ in some way. If it is comparable in size with g NNρ = 3.5, the ratio R = B(Λ c (2940
is at order one level, and can be near to one if g is close to g NNπ = 13.5.
(
For the various ratios similar to the case with 
We find that in this case the dominant contribution to Λ (Fig. 3b) 
